1. In the primary processes of photosynthesis a rather strong electric field (~105V/cm) is set on across the thylakoid membrane. This field has been detected by absorption changes attributed to chlorophyll-b (1). 2. In this paper it is demonstrated that the optical response to the field is not restricted to chloro phyll-b. Responses of the other bulk pigments which are embedded in the thylakoid membrane, as several types of chlorophyll-a and carotenoids, are detected.
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It has been shown that the light induced absorp tion changes in photosynthesis at 475, 515 and 648 nm which have been tentatively attributed to chlorophyll-b 2 indicate a light induced electric field across the thylakoid membrane 1. In a short flash of light ( < 6 ' 1 0 _ 4 s) in which one electron is transferred through one electron chain the produced voltage has been estimated to about 50 mV 3. Since the nonaqueous isolating lipid layer of the thylakoid membrane has a thickness of about 30 Ä, the field strength in this area amounts to about several 105 V /cm. In dyes which are exposed to an electric field of this magnitude electrochromic effects can be ob served (for a summary see I.e.4) which induce a shift of absorption bands in the order of 0.1 Ä. Since chlorophyll-b is not the only bulk pigment in the thylakoid membrane, field indicating absorp tion changes have to be expected in the spectral regions of the other bulk pigments, too.
The superposition of the field indicating absorp tion changes with all the other types of absorption changes which indicate electron transfers etc. re quires a special method of separation (see below). With this method the separation of the field indicat ing absorption changes from the other ones has been performed in the spectral region from 430 to 720 nm. It is shown that besides chlorophyll-b also the other bulk pigments of chloroplasts, as the different types of chlorophyll-a and carotenoids, contribute to this spectrum. 
Results
According to 1. c. 1 the decay rate of the absorp tion changes at 478, 515, and 648 nm which have been attributed to chlorophyll-b2 reflect the dis charge of the thylakoid capacity by ion fluxes across the thylakoid membrane. An increase in the mem brane's ionic conductivity as indicated by an accelera tion of the decay of the three absorption changes has been induced for instance by the antibiotic gramici din D. It has been tested that with concentrations of gramicidin below 1 0 -9 m /1 this acceleration does not occur to the well-known absorption changes that in dicate the electron transfer 3. In this way the field indicating absorption changes are kinetically label led. In order to separate them from the other ab sorption changes the difference between the absorp tion changes with and without gramicidin has been taken into account.
In Fig. 1 the dependence of the absorption chan ges on the concentration of gramicidin D is depict ed for two typical wavelengths (515 and 700 nm).
Neglecting the small fast peak in Fig. 1 (top) it can be concluded from the time course that nearly the whole signal at 515 nm can be accelerated by addi tion of gramicidin D, that means that nearly the whole signal is field indicating.
The fast peak has been discussed in 1. c. *. It re presents those thvlakoids in the chloroplasts which are already highly permeable to ions due to damaging during the preparation process.
At 700 nm in Fig. 1 (bottom) a much smaller part of the whole signal can be accelerated, i. e. a much smaller part of the signal is field indicat ing. This smaller part is superimposed on a wellknown negative absorption change at 700 nm re presenting a redox reaction of chlorophyll-ai.
Components which can be accelerated are observ ed at several wavelengths in the visible spectral re gion. These have been evaluated from the difference between signals with and without gramicidin D, for instance in Fig. 1 between signal 1-4 . The results 515 nm 700 nm 660, 668, 680 and 700 nm. These new field in dicating bands have not been observed before since they were masked by the signals of the electron transfers.
In order to test, if the kinetic behaviour of all the absorption changes in Fig. 2 is identical, the half life times of the field indicating components in tim e of such an analysis at different wavelengths between 430 -720 nm is depicted in Fig. 2 
Discussion
Since the electric field has been shown to be a collective property of one whole thylakoid 1 electrochromic effects of all bulk pigments have been ex pected. Indeed, the spectrum in Fig. 2 reveals ma xima in the blue where the carotenoids and chloro phylls a and b absorb in vivo, and in the red where chlorophyll-a and b have further absorption bands (Chl-b (653), Chl-a (673), Chl-a (683), Chl-a (695)).
However, superepositions make it rather difficult to attribute the maxima to the different types of pigments. This is additionally complicated since in vivo the absorption bands of carotenoids and of chlorophylls in the blue are as yet not precisely known in contrast to the red bands of chlorophylls.
1. The two maxima in the green at 478 and 515 nm have been attributed to a change in the blue absorp tion band of chlorophyll-b 2. Probably these changes are not caused by chlorophyll-b exclusively. A con tribution of carotenoids has to be considered (see below).
The two maxima in the red at 648 and 660 nm are located antisymmetrically to a center wave length at 653 nm. This shape is similar to the deri vative of the red chlorophyll-b band at 653 nm. It corresponds to the expectation for an absorption change due to a band shift to the red. From the assumption of a homogeneous shift of the whole chlorophyll-b band the magnitude of the shift can be calculated approximately using the spectral pro file and the extinction coefficient of the in vitro band5. The shift amounts to about 0.1 Ä. This is, however, the order of magnitude that has been measured for the electrochromic shift of the Soret band of porphyrin in vitro due to an electric field of about 106 V/cm 6.
The differences of the magnitude of the optical response in the blue of chlorophyll-b at 478 and 515 nm and in the red region of chloroplyll-b at 648 and 660 nm may be caused by different angles between the transition moments of the blue and red bands with respect to the direction of the electric field.
2 . The two maxima at 668 and 680 nm are anti symmetrically to a center wavelength at 673 nm. This shape is similar to the derivative of the red chlorophyll-a band at 673 nm. The minor height of the absorption change at 660 nm as compared with the 648 nm change may be due to a superposition with the negative change at 668 nm.
3. The absorption changes at 430, 445 and 460 nm are probably caused by shifts of the blue absorp tion band of chlorophyll-a and by the absorption bands of carotenoids. (The blue absorption band of chlorophyll-a is around 435 nm. The carotenoids have three absorption bands between 400 -500 nm.)
It is difficult as yet to know definitely which pro perties of the molecules are influenced by the elec tric field. At such high field strength numerous properties of the molecules can be strongly affected. Molecules may respond by a shift of electronic bands (electrochroism) or by a change of chemical equili brium or by conformational changes. Furthermore, a rigorous interpretation of the response has to ac count for a possible bias due to local fields as well as for geometric factors (see above).
Despite of this complexity the absorption changes in Fig. 2 can be used as a valuable means to study the biological function of the light induced field in chloroplasts. Since the absorption changes at 475 and 515 nm are induced practically by the electric field only and not by the electron transfers (see above), it is reasonable to use these changes for the analysis of the electric phenomena in photosynthe sis. The results obtained by analysis of these chan ges have been published recently 1 > 3'
